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Abstract 



PROBLEM TO BE SOLVED: To enhance charging and discharging capacity of a lithium secondary battery 
during a large-current charging and discharging, where the lithium secondary battery uses a low-price 
material of iron phosphate lithium as a positive electrode, 

SOLUTION: A powder 2 is carried on powder 1, where a powder 1 is formed of iron phosphate lithium series 
material having an olivine structure, which is indicated by the general expression LizFe1-yXyP04 
(0<=y<=0.3, 0 Therefore, a battery can be obtained which has larger charging and discharging capacity 
compared with others using an iron phosphate lithium series material that does not carry powders thereon, 
where charging and discharging capacity of the battery in relation to the invention is little decreased, even if 
charging and discharging current increases. 
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(57) [Summary] 



[Object] To increase charge-discharge capacity during high-current charging and 
discharging for a lithium secondary cell in which an inexpensive iron lithium phosphate 
material is used for the positive electrode. 

[Means of Achievement] A pulverulent iron lithium phosphate material 1 whose olivine 
structure is expressed by the general formula Li z Fei. y X y P04 (0 < y < 0.3, 0 < z < 1, X: at 
least one element selected from magnesium, cobalt, nickel, and zinc) is used as a carrier 
for an electroconductive pulverulent material 2 whose redox potential is higher than the 
redox potential of the iron lithium phosphate material as a lithium secondary cell positive 
electrode active material. 

[Merits] Compared with constructing a cell by employing an unsupported iron lithium 
phosphate material, it is possible to obtain a cell whose charge-discharge capacity is 
considerable and decreases only slightly when the charge-discharge current is increased. 

2 ; Utttfttt? 




[Key to figure: 1: iron lithium phosphate material, 2: fine electroconductive particles, 

3: conductive agent] 
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[Claims] 

[Claim 1 J A lithium secondary cell positive electrode active material, characterized in 
that a pulverulent iron lithium phosphate material whose olivine structure is expressed by 
the general formula Li z Fei. y X y P0 4 (0 < y < 0.3, 0 < z < 1, X: at least one element selected 
from magnesium, cobalt, nickel, and zinc) is used as a carrier for fine electroconductive 
particles whose redox potential is higher than the redox potential of the iron lithium 
phosphate material as a lithium secondary cell positive electrode active material. 

[Claim 2] A lithium secondary cell positive electrode active material as defined in 
Claim 1, characterized in that the fine electroconductive particles are composed of at least 
one element selected from silver, carbon, platinum, palladium, gold, iridium, aluminum, 
titanium, and tantalum. 

[Claim 3] A lithium secondary cell, characterized in that the positive electrode active 
material is a lithium secondary cell positive electrode active material as defined in 
Claim 1 or 2, that the negative electrode active material is a material capable of storing 
and releasing lithium metal, lithium alloy, or lithium ions, and that the electrolyte is a 
material designed to allow the lithium ions to migrate and electrochemically react with 
the lithium secondary cell positive electrode active material or negative electrode active 
material. 

[Detailed Description of the Invention] 
[0001] 

[Technological Field of the Invention] The present invention relates to a lithium 
secondary cell positive electrode active material and a lithium secondary cell, and more 
particularly to enhancing the electrical conductivity of a positive electrode active material 
in order to provide a cell with improved charge or discharge characteristics under high 
current conditions. 
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[0002] 

[Prior Art] Lithium secondary cells whose negative electrode active material is capable 
of storing and releasing lithium metal, lithium alloy, or lithium ions are characterized by 
high voltage and excellent reversibility. 

[0003] In particular, lithium ion secondary cells with lithium/transition metal complex 
oxides for the positive electrode active material, and carbonaceous materials for the 
negative electrode active material have higher discharge capacity at light loads than do 
conventional lead secondary cells, nickel-cadmium secondary cells, or the like, and are 
therefore widely used in portable phones, notebook computers, and other types of 
electronic equipment. 

[0004] LiCoC>2 is primarily used as a positive electrode active material in current lithium 
ion secondary cells, but cobalt, which is a starting material for UC0O2, is scarce and can 
be produced in only a limited number of geographical regions, so using cobalt as a 
positive electrode active material for lithium ion secondary cells (the demand for which is 
projected to increase) is disadvantageous both in terms of price and in terms of stable 
supply of starting materials. 

[0005] By contrast, it is clear from JP (Tokugan) 1 1-261394 and JP (Kokai) 9-134724 
and 9-134725 that LiFeP0 4 (obtained using abundant and inexpensive iron as a starting 
material) or a material in which the iron in the LiFePCU is partially substituted by other 
elements can also be used as a positive electrode active material for lithium secondary 
cells. 

[0006] 

[Problems Which the Invention Is Intended to Solve] These iron lithium phosphate 
materials are disadvantageous in the sense that lithium is introduced and desorbed at a 
low rate during the charging and discharging of cells and that these materials have higher 
electrical resistance than do conventional lithium metal oxides (L1C0O2 and the like), 
causing resistance overvoltage or activation overvoltage to grow when the cells are 
charged or discharged under high current conditions, and preventing the cells from 



4 



maintaining adequate charge-discharge capacity levels because of the resulting reduction 
in cell voltage. 

[0007] To address these problems, it has been proposed to increase the reaction- 
promoting surface area and to reduce the path of the electric current through particulate 
iron lithium phosphate materials by fashioning the iron lithium phosphate materials into 
smaller particles. 

[0008] Secondary aggregation tends to occur, however, when a microparticulate iron 
lithium phosphate material is mixed with a conductive agent during electrode fabrication. 
Since the iron lithium phosphate material particles in the aggregated grains can come into 
contact with each other only along a limited number of points, the active material inside 
the aggregated grains fails to initiate reactions during cell charging and discharging, 
resulting in reduced charge-discharge capacity. 

[0009] Consequently, an object of the present invention, which was perfected in order to 
address the problems of the prior art, is to achieved increased charge-discharge capacity 
during high-current charging and discharging in a lithium secondary cell in which an 
inexpensive iron lithium phosphate material is used for the positive electrode. 

[0010] 

[Means Used to Solve the Above-Mentioned Problems] Aimed at attaining the stated 
object, the lithium secondary cell positive electrode active material in accordance with the 
present invention is characterized in that a pulverulent iron lithium phosphate material 
whose olivine structure is expressed by the general formula Li 2 Fei.yX y P0 4 (0 < y < 0.3, 
0 < z < 1, X: at least one element selected from magnesium, cobalt, nickel, and zinc) is 
used as a carrier for an electroconductive pulverulent material whose redox potential is 
higher than the redox potential of the iron lithium phosphate material as a lithium 
secondary cell positive electrode active material. 

[001 1] The lithium secondary cell positive electrode active material in accordance with 
the present invention is also characterized in that the electroconductive pulverulent 
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material whose redox potential is higher than the redox potential of the iron lithium 
phosphate material as a lithium secondary cell positive electrode active material is 
composed of at least one element selected from silver, carbon, platinum, palladium, gold, 
iridium, aluminum, titanium, and tantalum. 

[0012] In addition, the lithium secondary cell in accordance with the present invention is 
characterized in that the above-described lithium secondary cell positive electrode active 
material is used as a cell component, that the negative electrode active material is capable 
of storing and releasing lithium metal, lithium alloy, or lithium ions, and that the 
electrolyte is a material for allowing the lithium ions to migrate and electrochemically 
react with the positive electrode active material or negative electrode active material. 

[0013] Fig. 1 is an enlarged, fragmentary, schematic cross-sectional view of a positive 
electrode obtained by mixing a conductive agent and the positive electrode active material 
used in a lithium secondary cell in accordance with the present invention. It can be seen 
in the drawing that when the iron lithium phosphate material 1 is reduced in diameter and 
mixed with the conductive agent 3 during electrode fabrication, aggregation is less likely 
to occur because supporting the fine electroconductive particles 2 on the surface of the 
pulverulent iron lithium phosphate material 1 substantially prevents the particles of the 
iron lithium phosphate material from coming into direct contact with each other. 

[0014] Another feature is that because the fine electroconductive particles 2 in the 
aggregated grains form a path for the electric current even when aggregation occurs in the 
pulverulent iron lithium phosphate material 1, the electrical resistance inside the 
aggregated grains is markedly reduced and the active material inside the aggregated 
grains can be efficiently utilized during cell charging and discharging under high current 
conditions, making it possible to prevent the charge-discharge capacity from being 
reduced by the aggregation of the pulverulent iron lithium phosphate material 1. 

[0015] The positive electrode of a conventional lithium secondary cell has considerable 
resistance in the small areas of direct contact between the active material particles and the 
conductive agent particles, or between the particles of the active material with high 
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electrical resistance. By contrast, the positive electrode active material of the present 
invention has low resistance at the surface of contact between the active material and the 
conductive agent 3 because this contact is formed between the fine electroconductive 
particles 2 and the conductive agent 3 or between the fine electroconductive particles 2, 
so smaller resistance variations are produced when the surface area of contact varies as a 
result of the active material expanding and contracting during repeated cell charging and 
discharging, less energy is lost during charging and discharging under high current 
conditions, and capacity is affected only slightly by such charging and discharging. These 
effects are believed to reinforce each other and to allow a lithium secondary cell in which 
an iron lithium phosphate material is used as the positive electrode active material to 
enhance its charge-discharge capacity during charging and discharging under high current 
conditions due to the use of the inventive positive electrode active material. 

[0016] The iron lithium phosphate material used as a lithium secondary cell positive 
electrode active material in accordance with the present invention is a phosphate 
compound whose olivine structure is expressed by the general formula Li z Fei. y X y P04 
(0<z<l,0<y< 0.3). Element X is a material that remains electrochemically stable in a 
potential range between 3 V and 4 V in relation to the standard electrode potential of 
lithium metal when the element is a component of the phosphate compound. 
Specifically, X is at least one element selected from magnesium, cobalt, nickel, and zinc. 
Fig. 2 shows the olivine structure of LiFeP04. The solid circles show lithium atoms, the 
octahedrons represent irons surrounded by six oxygens, and the tetrahedrons indicate 
phosphors surrounded by four oxygens. 

[0017] The material commonly referred to as iron lithium phosphate, expressed as 
LiFePCU (z = 1, y = 0), maintains its structure and does not allow any more lithium to be 
introduced. Using this iron lithium phosphate material for the positive electrode of a cell 
allows lithium to be removed from the positive electrode, causes the composition of the 
material to approach FePCU (the z-value to decrease) during charging, and allows the 
lithium in the electrolyte to be introduced into the positive electrode, and the composition 
to return to LiFeP04 (z = 1), when the charged cell is discharged. A material with z = 1 is 
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preferred the most from the standpoint of cell discharge capacity and cell fabrication, but 
because the z- value continuously varies in the above-described manner, a material with a 
nonstoichiometric composition such as z = 0.9 can still yield a cell capable of operating 
by the same mechanism as iron lithium phosphate, which is a stoichiometric composition 
with z = 1 . For this reason, the z in the above formula may vary within the range 
0<z< 1. 

[0018] In LiFeP0 4 , the lithium is desorbed and the iron ions alter their valence from two 
to three during charging. Such lithium desorption destabilizes the crystal structure 
(olivine structure) of the affected area, partially blocks the lithium migration routes, and 
makes it more difficult for the lithium inside the material to be desorbed. The iron is 
partially substituted by zinc and other elements electrochemically stable in a potential 
range between 3 V and 4 V in relation to the standard electrode potential of lithium metal 
when the element is a component of the phosphate compound, whereupon the elements 
substituted by zinc and other compounds remain unoxidized and retain their bivalent state 
during charging, and the lithium adjacent to the substituted elements also remains in the 
crystal without being desorbed. It is thus believed that the substituted areas are unlikely 
to alter their crystal structure during charging and that the lithium migration routes are 
preserved, resulting in enhanced capacity and improved cycle stability. It should be 
noted, however, that such undesorbed lithium does not contribute to charging or 
discharging, so cell capacity decreases when this type of substitution becomes excessively 
pronounced. For this reason, elemental iron should be substituted in an amount of 30% 
or less (0 < y < 0.3), preferably 10% to 30% (0.1 < y < 0.3), and ideally 10% to 20% 
(0.1 < y < 0.2) in order to achieve a capacity-enhancing effect when such substitutions are 
carried out. 

[0019] According to the present invention, the surface of the iron lithium phosphate 
material is covered with the aforementioned fine electroconductive particles whose redox 
potential is higher than that of the iron lithium phosphate material used as the lithium 
secondary cell positive electrode active material. This is because the fine 
electroconductive particles prematurely initiate electrochemical reactions, electrical 
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conductivity is reduced by oxidation-induced dissolution, and the effect of depositing the 
fine electroconductive particles is lost when the electrochemical reactions of the fine 
electroconductive particles involving secondary lithium electrons are initiated at a lower 
potential than the redox potential (about 3.4 V) of the iron lithium phosphate material. 

[0020] Such fine electroconductive particles may, for example, be composed of at least 
one element selected from silver, carbon, platinum, palladium, gold, iridium, aluminum, 
titanium, and tantalum. The working examples given below are described with reference 
to cases in which the aforementioned fine electroconductive particles are composed of 
metal materials such as silver, palladium, and platinum, or carbon materials such as 
acetylene black, although it is also possible to use metal materials such as gold, iridium, 
aluminum, titanium, and tantalum. Other examples of carbon materials include graphite 
and Ketjen black. 

[0021] Adding a greater amount of fine electroconductive particles has no effect on 
allowing the material itself to contribute to the charge-discharge reactions, so the addition 
should be kept at 10% or less, and preferably 2% to 6%, because an excessively large 
addition will reduce the discharge capacity (per unit weight or volume) of a positive 
electrode active material as a whole when this material is a combination of an iron 
lithium phosphate material and fine electroconductive particles. 

[0022] The diameter of the fine electroconductive particles should be no more than 1/10, 
and preferably 1/100 to 1/10, of the grain size of the iron lithium phosphate material. The 
fine electroconductive particles do not contribute to electrochemical reactions, and should 
therefore be deposited on the surface of the particulate iron lithium phosphate material 
uniformly and with minimal weight. This is because uniformly depositing coarse 
electroconductive particles on the surface of the particulate iron lithium phosphate 
material may produce an excessively large amount of such electroconductive particles and 
result in reduced energy density. 

[0023] The working examples given below are described with reference to the use of 
positive electrodes in the form of molded pellets. It is also possible, however, to obtain a 
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positive electrode by a method in which a slurry is prepared by adding a positive 
electrode active material and a binder such as polyvinylidene fluoride to a solvent such as 
JV-methyl-2-pyrrolidone, and a coated electrode is then fabricated by drying the resulting 
solution after applying it in the form of a thin coating to metal foil. 

[0024] Although lithium metal is used below as the negative electrode active material, it 
is also possible to use lithium alloys; carbonaceous materials such as graphite and coke; 
metal oxides such as tungsten oxide, niobium oxide, vanadium oxide, and tin oxide; 
lithium/transition metal composite nitrides such as lithium manganese nitride, lithium 
cobalt nitride, and lithium iron nitride; metal chalcogenides such as iron sulfide and 
molybdenum sulfide; and the like. 

[0025] Although the liquid electrolyte was obtained by dissolving LiPF 6 to a 
concentration of 1 mol/dm 3 in an isovolumetric mixed solvent comprising ethylene 
carbonate and dimethyl carbonate, it is also possible to use electrolytes similar to those 
used in conventional nonaqueous lithium secondary cells. 

[0026] Examples of suitable solvents include dimethoxyethane, 2-methyltetrahydrofuran, 
ethylene carbonate, methyl formate, dimethyl sulfoxide, propylene carbonate, acetonitrile, 
dimethyl carbonate, diethyl carbonate, and methyl ethyl carbonate, which can be used 
either alone or as mixtures of two or more components. 

[0027] The following solutes can also be used in addition to the LiPF 6 employed in the 
working examples: LiC10 4 , LiBP 4 , LiAsF 6 , LiCF 3 S0 3 , and the like. It is also possible to 
use polymer electrolytes, solid electrolytes, salts melting at normal temperature, and the 
like. 

[0028] Various conventional materials can be used for the separators, cell cases, and 
other structural elements of cells. In addition, the working examples are described with 
reference to a coin shape as a possible cell configuration, but this shape is nonlimiting, 
and cylindrical, square, and other shapes may also be used. 
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10029] 

[Working Examples] Working examples of the present invention will now be described 
with reference to the accompanying drawings, but the present invention is not limited by 
these working examples. 

[0030] 

[Working Example 1] Fig. 3 is a cross-sectional view depicting the structure of a lithium 
secondary cell obtained in accordance with a working example of the present invention. 
In Fig. 3, 4 is a positive electrode pellet, 5 a lithium metal negative electrode, 6 a 
separator, 7 a positive electrode housing, 8 a sealing plate, and 9 a gasket. The positive 
electrode active material contained in the positive electrode pellet 4 was prepared by the 
following method. 

[0031] Lithium carbonate (Li 2 C0 3 ), iron oxalate dihydrate (FeC 2 0 4 • 2H 2 0), and 
diammonium hydrogen phosphate ((NH 4 )2HP0 4 ) were first mixed as starting materials in 
a mortar in a molar ratio of 0.5:1:1 and baked for 24 hours in an argon atmosphere at 
800°C to synthesize LiFeP0 4 . 

[0032] The synthesized LiFeP0 4 powder was subsequently introduced and thoroughly 
stirred in a mixed solvent comprising water and ethanol in a volume ratio of 1 : 1, and 
silver nitrate (AgNCb) was added under stirring such that the weight of contained silver 
ions was 5% of the weight of LiFeP0 4 . 

[0033] Acetaldehyde was then added under continued stirring in an amount of 20 mL per 
gram of AgN03, and silver was allowed to precipitate on the LiFeP0 4 powder. The 
product was filtered and dried, yielding a positive electrode active material. 

[0034] Fig. 4 is an X-ray diffraction chart of the resulting positive electrode active 
material. Metallic silver peaks, marked by asterisks in Fig. 4, were observed in addition 
to the LiFeP0 4 peaks. In addition, electron microscope observations and EPMA 
measurements confirmed that fine silver particles whose grain size was about 1/20 that of 
the LiFeP0 4 powder were supported in dispersed form on the LiFeP0 4 powder. 
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[0035] The positive electrode active material (70 wt%), acetylene black as a conductive 
agent (25 wt%), and polytetrafluoroethylene as a binder (5 wt%) were blended together 
into a clayey mass, calendered with biaxial rolls to a thickness of about 0.6 mm, and 
stamped with a punch into a disk with a diameter of 15 mm, yielding a positive electrode 
pellet 4. 

[0036] An assembly obtained by forcing a lithium metal negative electrode 5 into a 
stainless steel sealing plate 8 was subsequently introduced into the concavity of a 
polypropylene gasket 9, a microporous polypropylene separator 6 and a positive electrode 
pellet 4 were placed on the negative electrode in the order indicated, the assembly was 
impregnated with a liquid electrolyte obtained by dissolving LiPF6 in an isovolumetric 
mixed solvent (ethylene carbonate and dimethyl carbonate) in a concentration of 
1 mol/dm 3 , and the impregnated assembly was covered with a stainless steel positive 
electrode housing 7 and crimped, yielding a coin-shaped lithium secondary cell with a 
thickness of 2 mm and a diameter of 23 mm. 

[0037] The charge-discharge characteristics of the resulting cell were evaluated by 
charging and discharging the cell at an end-of-charge voltage of 4.0 V, an end-of- 
discharge voltage of 3.0 V, and a high current (5 mA). 

[0038] Fig. 5 shows a voltage curve obtained when the cell was discharged at the 5-mA 
current. The voltage curve was substantially the same as that obtained by the low-current 
charging and discharging of a conventional cell whose positive electrode is composed of 
an iron lithium phosphate material not coated with fine electroconductive particles and 
whose negative electrode is composed of lithium metal, and it was confirmed that the cell 
was charged and discharged by the oxidation and reduction of iron ions and that the 
supported electroconductive material did not undergo any oxidation or reduction. 

[0039] The charge-discharge capacity was 5.6 mAh at a current of 1 mA, and 4.3 mAh at 
a current of 5 mA. Table 1 shows the discharge capacities obtained when the cell was 
tested by being charged and discharged at various currents. 
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(0040J 
[Table 1] 

Discharge voltage and discharge capacity of cells in working and comparative examples 



Working and comparative 
examples 


Discharge capacity during 1-mA 
discharge (mAh) 


Discharge capacity during 5-mA 
discharge (mAh) 


Working Example 1 


5.6 


4.3 


Comparative Example 1 


5.2 


3.6 


Working Example 2 


5.7 


4.4 


Working Example 3 


5.4 


4.0 


Working Example 4 


5.5 


4.1 



[0041] 

[Comparative Example 1] The following method was used to prepare LiFeP0 4 as a 
positive electrode active material on which no electroconductive material was supported. 

[0042] Lithium carbonate (Li 2 C0 3 ), iron oxalate dihydrate (FeC 2 0 4 ■ 2H 2 0), and 
diammonium hydrogen phosphate ((NH^HPO^ were first mixed as starting materials in 
a mortar in a molar ratio of 0.5: 1 : 1 and baked for 24 hours in an argon atmosphere at 
800°C. 

[0043] A positive electrode pellet and a coin-shaped cell were then fabricated using the 
resulting positive electrode active material in accordance with the same method as in 
Working Example 1. 

[0044] Charge-discharge characteristics were evaluated under the same conditions as in 
Working Example 1 and it was found that the discharge capacity was 5.2 mAh at a 
current of 1 mA, and 3.6 mAh at a current of 5 mA, and that in both cases the discharge 
capacity was lower than in Working Example 1 and that the reduction in capacity was 
particularly pronounced when the test was conducted at a constant current of 5 mA. 

[0045] A voltage curve obtained when the cell was discharged at a current of 5 mA is 
shown in Fig. 4 together with the curve of Working Example 1. In addition, discharge 
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capacities achieved in the charge-discharge tests at various currents are shown in Table 1 
together with the values for Working Example 1 . 



[0046J 

[Working Example 2] The positive electrode active material contained in the positive 
electrode pellet was prepared by the following method. 

[0047] Lithium carbonate (Li2C03), iron oxalate dihydrate (FeC2C>4 • 2H2O), and 
diammonium hydrogen phosphate ((NH^HPC^) were first mixed as starting materials in 
a mortar in a molar ratio of 0.5: 1 : 1 and baked for 5 hours in an argon atmosphere at 
350°C. 

[0048] Acetylene black (from Denki Kagaku Kogyo) was then added in an amount of 
10 g per gram of starting material, the ingredients were thoroughly mixed, and the 
mixture was baked for 24 hours in an argon atmosphere at 800°C. 

[0049] A positive electrode pellet and a coin-shaped cell were then fabricated using the 
resulting positive electrode active material in accordance with the same method as in 
Working Example L 

[0050] Charge-discharge characteristics were evaluated under the same conditions as in 
Working Example 1 and it was found that the discharge capacity was 5.7 mAh at a 
current of 1 mA, and 4.4 mAh at a current of 5 mA, and that in both cases the discharge 
capacity was higher than in Comparative Example 1. 

[0051] Discharge capacities achieved in the charge-discharge tests at various currents are 
shown in Table 1 together with the values for Working Example 1 and Comparative 
Example 1. 

[0052] 

[Working Example 3] The positive electrode active material contained in the positive 
electrode pellet was prepared by the following method. 
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[0053] Lithium carbonate (Li 2 C0 3 ), iron oxalate dihydrate (FeC 2 0 4 ■ 2H 2 0), and 
diammonium hydrogen phosphate ((NH4) 2 HP0 4 ) were first mixed as starting materials in 
a mortar in a molar ratio of 0.5 : 1 : 1 and baked for 24 hours in an argon atmosphere at 
800°C to synthesize LiFeP0 4 . 

[0054] The synthesized LiFeP0 4 powder was subsequently pulverized and introduced 
into an acetonitrile solution of palladium acetate (Pd(OCOCH 3 ) 2 ), and the product was 
thoroughly stirred, filtered, and dried, causing the Pd(OCOCH 3 ) 2 to deposit on the 
LiFeP0 4 powder. 

[0055] The product was baked for 5 hours at 250°C in an argon atmosphere to pyrolyze 
the Pd(OCOCH 3 ) 2 and to fabricate a positive electrode active material by supporting 
palladium on the LiFeP0 4 powder. 

[0056] A coin-shaped cell was then fabricated using the resulting positive electrode 
active material in accordance with the same method as in Working Example 1. 

[0057] Charge-discharge characteristics were evaluated under the same conditions as in 
Working Example 1, and it was found that the discharge capacity was 5.4 mAh at a 
current of 1 mA, and 4.0 mAh at a current of 5 mA, and that in both cases the discharge 
capacity was higher than in Comparative Example 1 . 

[0058] Discharge capacities achieved in the charge-discharge tests at various currents are 
shown in Table 1 together with the values for Comparative Example 1 and Working 
Examples 1 and 2. 

[0059] 

[Working Example 4] The positive electrode active material contained in the positive 
electrode pellet was prepared by the following method. 

[0060] Lithium hydroxide monohydrate (LiOH • H 2 0), iron oxalate dihydrate (FeC 2 0 4 • 
2H 2 0), and diammonium hydrogen phosphate ((NH 4 ) 2 HP0 4 ) were first mixed as starting 
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materials in a mortar in a molar ratio of 1 : 1 : 1 and baked for 24 hours in an argon 
atmosphere at 800°C to synthesize LiFeP0 4 . 

[0061] Pulverulent titanium (300 mesh) was subsequently added to the resulting LiFeP0 4 
powder in an amount of 6 g per 100 g of LiFeP0 4 , and the ingredients were mixed in a 
mortar, introduced into a planetary ball mill made of agate, and pulverized and mixed for 
20 minutes, causing the microparticulate platinum to disperse and deposit on the LiFeP04 
powder. 

[0062] A coin-shaped cell were then fabricated using the resulting positive electrode 
active material in accordance with the same method as in Working Example 1. 

[00631 Charge-discharge characteristics were evaluated under the same conditions as in 
Working Example 1 and it was found that the discharge capacity was 5.5 mAh at a 
current of 1 mA, and 4.1 mAh at a current of 5 mA. Discharge capacities achieved in the 
charge-discharge tests at various currents are shown in Table 1 together with the values 
for Working Examples 1-3 and Comparative Example 1. 

[00641 

[Merits of the Invention] It follows from the above description that by using a material 
obtained by supporting fine electroconductive particles on a pulverulent iron lithium 
phosphate material as a positive electrode active material for the lithium secondary cell 
according to the present invention, it is possible to achieve a higher charge-discharge 
capacity than the one provided by a cell with an unsupported iron lithium phosphate 
material, and that the resulting cell decreases its charge-discharge capacity to a lesser 
degree when the charge-discharge current is increased. 

[0065] It is thus possible to obtain a more economical lithium secondary cell with better 
cell characteristics. 
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[Brief Description of the Figures] 

[Figure 1] An enlarged, fragmentary, schematic cross-sectional view of a positive 
electrode obtained by mixing a conductive agent and a lithium secondary cell positive 
electrode active material according to the present invention. 
[Figure 2] A schematic depicting the olivine structure. 

[Figure 3] A cross-sectional view depicting the structure provided by a working example 
of a lithium secondary cell in accordance with the present invention. 
[Figure 4] A diagram depicting an X-ray diffraction pattern of an LiFePC>4 product 
coated on the surface with fine silver particles and used as a positive electrode active 
material in accordance with Working Example 1 of the inventive lithium secondary cell. 
[Figure 5] A diagram depicting the discharge curves of cells belonging to Working 
Example 1 and Comparative Example 1 and representing the lithium secondary cells of 
the present invention. 

[Key] 

1: pulverulent iron lithium phosphate material, 2: electroconductive 
microparticulate material, 3: conductive agent, 4: positive electrode pellet, 5: lithium 
metal negative electrode, 6: separator, 7: positive electrode housing, 8: sealing plate, 
9: gasket 
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[Figure 1] 




[Key to figure: 1: iron lithium phosphate material, 2: fine electroconductive particles, 

3: conductive agent] 



[Figure 2] 




[Key to figure: Li atom] 
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[Figure 3] 




[Key to figure: 4: positive electrode pellet, 5: lithium metal negative electrode, 
6: separator, 7: positive electrode housing, 8: sealing plate, 9: gasket] 



[Figure 4] 




[Key to figure: (A) Intensity (relative units), (B) 29 (degrees)] 
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[Figure 5] 




[Key to figure: (A) Voltage (V), (B) Discharge time (hours), (C) Working Example 1, 

(D) Comparative Example 1] 
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